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man -?u-tvv-frt>i?vm*:&». m&v>rt>? 
worn i s=l < a->^ ic^f-r-s^ i < itm 

2iBt£*^£gtfT^&tf>gll^L<tiig2&£t:*-;/ H 

^^ffl<tmiS : b<«S2fe«^^W±TOh'-y Sfil!T. 
SB l^Ktttfi 2 Ht*»©±T*«SE££jj*Lfc 
i: 5 LTS 1 f L < US 2 tli^ Z^tl^tlft 

0HJtSia^l2NORy-hi:, ffSl&tfff^ffift 

fvmtmi 2 &m??o)m 

#S^-tCiJ:«rLT^l«L<«S2A*>^[C*fLT 

m i « b < «s 2 a > ? ss?«^^^-r £a > ^ -t: u 

?:?£{I;t*:}g&<£>A* -5 -fey h7V->7r-f 
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Iff l&tflfi 2 fiL. ^itfe^JiyD-fe-yy-^ 

*co^ l coA'>i7ic*frsm l fStg^&StfTtt&e) 

sii^f7hf^^oaiL, wess 2 ttmmm^E. 

^l&^2NORir*-h<i:. {SU SfJiSJg 1 NO R y 

- hfctMrEffi l S^e-y hm^$:m®;<n\J1\z&^Tg 
if, MrE*^te£ilfrESfUEt&*^co£Tcofc*-y Kfflt 

KJt^LTgll tb^^f^OtiiL, BfrEf!2 NORy-h- 
teltfJE^g^t'-j/ hf^S^A^I:*l>TSlt. 

— m ljcsr 2-w.a aa.L 

SaiE^yjtfeH18S«. MC. S&EfBlRtffB2HJ*l«rS 

E* ^ffltfttE* 1 Et&* ^ £ *£■ LfioMlEffl 2 Ett 
* i^tlB^ UfclrJC <h SrWie^ 1 RtfffS 2 ffl^^ Lfc 
•fi-fcttt&ESB 1 A'>? lt*f 1 A*>i7^Rft^£ 

S£U MEA'^-tu^fi. WE* ^ffi**iMrE» 2 
Ett^ytSSUaotfrESB 1 Elt^tfg^L&^c: 
i ^rlflES 1 2 db^J^Lfc*^tr «B5E^ 2 A* 

>dMC»bT*2/0*j^«^£R£-r*c:a:£«r« 

C»^2] »*fliiE«o^yitttia»fc*^T. 

fitlEA'^-fel^^tegll RtfSP52NANDy*- hX.tf 
SlM2-f>A-^^, ifrEJfl 1 ffi^teMlElfS 
1 NANDy- hOA^KJg^tl. Sir. ^ESltb 

?j teiftESfs i -r > a*-* &a c Tftimm 2 n a n d y- 

h^A^C&M^ttT&O. MrES8 2tiJ;>jtelitiESf5 2 N 
ANDy- hroAfllC&iKStI, H(C fitlES2W^« 
MlESf^OA'-^SrilUTlifrElf? 1 NANDy-hW 
A^lC^$tlT*0, MlESf5lRtfSS2'f >/\*-*te 
LTfftENORy- b<D$Hmtiinv> 

e Earning £ ftfc«» \z -=?-->*> -5 ^ ifit$t\B 

[f»#Jg3] W*JSlE«OiIttl=*Jt»T, ItE/O 

9±l^9 9\t. tftESfll R^2/Oi7Mf^^4 
t^lS^2y-h^*. MrESPS 1 y- MftSSE 
*^fcili;TtfJE*2ai*i*Stt. ifrEfS 2 y- Mijg 

[»3j?Jg4] »*3SlE^O[51K»C*3^T. f«lENO 

Ry- h<oifiEmis^2m^cD#*f±ttiEs^t'-y 



h AM* aJ*#3» £ «c £ Mr K ^ U ^ + - <* tl -5 19 SS . 
im$tm5] IH*«lE«OlHlBC*St>T. «ENO 

Ry-h{±. iWEK£fi-5fc£«-sfc«&K»tta*ifcy 

I4ETOIMIB h 7 \%}AMt^^-Zf)Vm^ 

CS*JS6] W*fl|lE«©E»K4iV»T. WEI^ 
eyFWtt#*. KrE3Bl&^JB2Jttt«OA^K:* 

^ T SfTEEtg 9 Vifi t ft « Mr IC 7" 'J 5* -f x ? + - ->* 
£4-1, MfE£S 1 Rtffg 2 Mf-fXl-f zf)VV 

[f|j}JJS7] W*q|lE«©08SC*5t»T. ttEittt 

KttEIESftfc^tt. fttf. iWrEE*^y«rL<tt 

m i s.tx^2 y- h^-^-n-etijgfflsnTyo-fe^-y-i: 

*f T -5 x- 9 C iH^ L < tt y o -fc y U- A»6 © x - ^ iM 

©fe^fctfrEm i zcztm 2 t»i«r*Eis. 
7 r p-tvt>-*»s*»fc^y«[*WEa»co/ , c>j'oflii 

WEi'^tt*WE1t*©/ , «>i'OJB2A>^3^6ftWfc 
»2E«^i:it«a5LT«*«)JB2K&ey h«^^f^ 

MJE^^ffii:MlESlEli^y©±TOt*-v hWTMlE 

SLT^ 1 W^tJBl NORy- M:*t»T5Bflfe-T*a 
Pgt. ffiLUC105etft»C4i^T. WEJBlNORy- 

mm9?mt&i?im2mi&9?v>±T<D\iy mbtwe 

SUT«2tH*j«iB2 NOR**— Mz*S<r»T3E£-r*S 
Bt. fiL/C©f5^a»»=*V»T, S«(Em2NORy- 

MlE^ 1 RDfS 2 tb b TffS 1 m L < MR 2 /X > 

Lfi^MJES 2 Ett* Lftn C t £MlES 

l&^ffi2ttl^^L&«d(=9S£$tl. MlE^2/\'> 

m^9ifmAmmm2w.m9iftm^b 
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R^mmm i e« * {ftm&LttK z. t £ itres i 
iWESfsi^b<«f5 2/\*>*j§&ffi^KjfrgLT. we 
-y-^ l < (iifiE ^ o -tr -y -y-^ e t 1 - ^ ^ i^^-r -s at^ 

M2A*>^g#?#-^$-%^-rstf(fE&pg«. S&ESillK: 

jb 2 tb*> e# i atf « 2 y- k tcjgffl-r ^©pg^-g- 
<su cOTjgffigpgictj^iT. sniES i y- f- \tm 
ig*^sai;Ti»ESS2a*e«»t. t&EiS2y-M* 

0, tftEft£gtlVtt. t-rENORy- KOMESfS 

lSOf^2t±5^*SfrElg-&t*-y 

7'j?*-s>-r<&&»£. WEtt^e* ham*©*** 

[SS^JglO] -fc-y h7y->7f-f^tfj'a*t 

•y -> a 1 / \* > V is> 6 § 1 EH * y £ tt& b T 
ffi£f&E*V:y ^©£§2 A^a^SttifcS^Ett^ 

ffinzt> ymtttimm i Eife* ^^tc f y h wt^e s 
«uts i y- hcssnTjB i w*«:**-raa»i. 

fib. ME^iy-K«*lE^l!g^t*-y 

fib. «TE»2y-M4ttEJB2K^ey hflwsask 

flTEJB 1 fttflg 2 ffl^fcjtS* LTI 1 SL < fifi 2 A*> 
>»5llfOH^ti4>S584t«ftiT*oT. MESS 

wo *rE*^tta»ttEfSie**yi 

S£ b JL-3I4EJB 2 E«^ y <hg£ btt t» Z. t. £SflESf? 
l&tfJB2IiJ**«*Ufc*6t:f8**tl. WESB2/0 

zmiRmmz. WE^y«**«E»2E*^yt*^L 

ja^flHEJB 1 E»* y U&v* C i SntffESS 1 
« 2 Hi fJ **S L \Z JE£ $ ft -5 «k 5 ftgttt t . 
l»EJKl*l/'<ttJB2/'«>^a*?«^K*SlxT. WE 
^ 1 SL< tt^2/Oi?<zn»-3*"ij&»j&»S. SfTE^a-fe-y 
■!i-'v«rU<ttttE^n-tytJ-A»6T : -^t«i*-*-*SK 

fttfJB2/0*»««^S36£"*-*WEft»tt. tfFESg 
1 RtfffS 2 tB^J ££S 1 RtftfS 2 y- h fcajH 



»si*^*ai;TiWESB2ia*«**t. *iEJB2y-h 

ttaffiJfc^taCTMEIB 1 tfi*»*:S»*J:5K:SttT 
*3 0. ttE»lRtf»2y-httN? l r>*;H-5>5? 
X*jJ»6}gJ5££*lfcNORy— NT&O. idSNfv> 

86. 

[0 0 0 1] 

Clf ;U£. -t-y hZV-^T^^y+A-y^i^fCiJlt 

* * yjtia© wa{b#ttfc w-r a. 

[0 0 0 2] 

[fi£*©ft^] CPUtSfgtt. n>tr^-^/N-h-^x 
f3±@oT#/t. /MJ<7). yW >^tU-9-'fXro— SPS: 

itsatcEtic-ra^r -y->itt. myJit^'jTtmxmm 

iff ffl t» 6 tifc t*— ^ 04(946 S Ki£ 7 i? -fe X ffl i L TE 
[0 0 0 3] S>Sn>tfi-^lC*f-ra + J f y>z.m&L 

--^JSB(data item) +3. -y ^iJCtB^bf#-5«Rjf 

* 1 -eco+v-y ^itt rgjg^.y 

fcteB*a6$tlf#-5«fc^r«c«&. •yi' a « 

i7';y7f-f^J TfeS. -E-O^l^ +vy>a.tt 1 

7f^7j 1 ^©-tr-y hJ;nfflCDDy— -> 3 > 

J&«#ttr*»^. -e<D^V -yi>^« rn^x-f-b-y h7 

Tffl(r»Stl*ny— ->a l^><D-fe-y h(C2^7X 

•5. a«^-v-y->3.(D^r)^afi^^. ttftg_tcD7Fa?^- 

[0004] m.&-?vzf**'>3.tem : bmmB.-?mmtsi 

•y->3.Dy-->3 >S:i£LtfLfjflSSLTL$-p. DK& 
^'^tt -y ^©-f >^-y i7X7 KUXOf 

-^^a^EteLf#-5ny--> 3 

T^&ti. 2 0«L<»i3 0fil±©**tC*SPEKtt«* 

•v -y ->^Dy— > 3 >lz-?y y^ti^^oUm-t. Ztl 




*. ;>W>*^U07?-feXt4it&8<]ji<&oTL£ 
5. *fy^a^7 7-»yit Lt4"U4\ ^<<D*-f 
^^E'^^-feX^l^gdU yny^AWSlfT^Fffi 

[0 0 0 5] -fey ha«**y->a.Wj5RKJ:-3T. 

gf4tt*Lfc. BrJSO-f >^y^X (ftHifi07Hl/ 
X) S*rT*7*-*>Sifciettl4*SJ:3&2"P:eL< 

tt 3 ~o$kt.<r> a >r— -> 3 y ->o. etc 

«fc0. *t7^SXafi!!>L. X^yv^^UKtC 

hryyTr-f^tvyilt H*TWt. «*Vy:/ 

WO 2 ^JJUtCO D -> 3 >IZT y Z. ttfal&t 

>^-y ^X) &WT5£?&S&5^-i>?5>'E>0 2O:g : 
LXJ4-3^±»J^kX#|6jl^^^ 

5. -fey h7V->7T-f^*t y5'3.i:JtttUfc*£. 
■fey h7y->7f-f 7+ ■*-•;/-> Ki5^Tte. by FT 

fe/tX±KiEl^»-**M&-r*;ia:**T*-6. "feyh 
TV~sT7-j7*cWsn. T*« pjjtg&© & S 3§E£## <fc 
*^7 KUX#J±t£;*ftftf7ft{4"&e>-r. ■€■©». 2 o 

ttWftMKeS&Ufca&C 7tt&W7tTLfzm\Z) . 

±->X r- Att«K«*«*#;tT L £ 5 . 

[0 0 0 6] ig14tgn>fcra.-^->X5 i A(4— fiStC(g2B 

v^nya-fey+rfflo^^yy^-ry i>a.t4, 

y ^ a. £ 7 9 "t X L T * * 1 J # fSL 7 ~ 9 * * * T -5 A» £ 

> f 1 y y^^/N' 7 7 7l:i^)T7Hl/X g& i£MI i £ 

y'7l/-A7 H U-X^riSff.^^E'J^SvXfAfqlrf^D 

[0007] c pu-s-f ^;u^Wfc*i(t-5efe#<i:iafa$ 




(4) 5-2 2 5 0 5 3 

lt)OCPUD--f^;i'T (PgH^'JrtO) SlCD*t 
y S^£7^-feX15Jtg-r-5C£T:&9. SlOtt»;y 
i»C*C»T*ir y>aSX^£Lmi:ll 1 ^ 
L < t4 2 O <£>+>• -f Zfrftizm 2 y ->3.tC»rS7 

i?t^^7t5IiT<65. CftlCtt. 7i7-feX1M 

tfc-Dfz'&IZT'g&fi'lf&K, SX^&ttJSftSdi:** 

1 0 0 M h z (R^tlJW±) (0 9 ay 9 ^fijffl pjflgf 

so. i o ng>c puim* fjmm&MWi-rz. 

[0 0 0 8] Suzuki ^iCkSlX, r A 19ns Me 
moryj . ISSCC 87, p. 134 C«. iSfjsg SRAM+ty> 

tt. CMOSg£la]g&£. fcy H&#fcJB£f*NMO 
S NORy— h*«t*.fcJtttS£flIt»Tt»a. LA>L 
Sc*«6. Suzuki ^fC=k-5Jt«lHlSS«, /N'>:7§ft 
* MM IZ 4- tt/«C<. Sfc. ^©fcyhi 

{4*^7 HUXTS^Lfctfy h## 3 K 

LTftStS. HIT.. Suzuki ^tc .b-SEg&te. =t 

LuWtyh7y->7f-f7'+tyya iC&ffl £ nfc 
«^IC(4. ty hfli^39»*C£«Sft*fc»l=^ny^ 
X y s? (clock edge) \Z%tL X^iB ZMm V & ttntffc S 
tS£H. S/c. Suzuki «l; y yaliilg|7 

*»OtyH)WlS*t« + tyi'ali. Oo i^lCj; 
Sl^3t. TFail-Soft Circuit Design in a Cache Memo 
ry Control LSIj . ISSCC87, p. 103 \Z^^tlX^i> 

[0 0 0 9] 

^->Xt- AO-fey K 7 y •> 7f ^ 7"+ 1 y y a l:*f 

A- y -> 3 X«#(4 t u -ti-r ^ )v<n%\n ft 
•5. ^^y->iC0x-^^ ; E: , Jt42O (SL<t430^ 
±) W/\*>i7^*L. &/V>9\Ztt\sX9ifWM&mZ. 
2>. Cft6 2tJO/X>^tt^y«|ft3&fTLBTaiffr-6 
IH. O-ry^X (ftItt7Hl/XtyM tffl(r»Tfl 
B'JS0M?iJl37^-feX$ft.5. t'y h*ffy HOttJft** 
2SfftoftS. — 75-14^ ^fEttOg-^fZ^T-SfcOT* 

0. CPU^eo#iS7KUX0^^7^-;UK^iS1g 
fittitSi^ft. 2 0ffl7ffb'yFi&$$^r)[li 

1. i -^ot*y h^^ycttto^^^cais-ra. c 

ft 6 2 orol^gitt 2 OOfflSUro^-f ^- = y i7 N O R 
y— hirjgffl^ft, Cft€> 2C3m7J[4/N'>i7S5?rll^O 

fz±v>tztb\zmm&i&\zmmzn2>. \mmmz\*4-? 
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«<o#»4, ^py^iyj;^*-^* 

ttS<0 * -f i= > ^ ft ff«r * «t 5 RW- $ y* a y 9 
€rx-<>o& (sxJttt©». 1-2 0, 

[0 0 10] 

<»4, William Wheeler ^{;:<£oT1990^ 6 ft 29B \Z\Si 
mZtl. #fSEEOffi§AT££Digital Equipment Corp 
oration \zmm2tlftmtH*<0ttim* '>U7;US#547, 
824 ^iCBSSftfcSO^ya-M 0SWt$. CO 
*)Sfi«tw43^>T. CPUlOlt ->XfA/U 1 1 tCcfc 
oT\ yXfA^^'J 1 2S^I/Og^l 3l:M$ 

PU 1 0 t»-T4*>?yy=lrr yS'atLTttJBStl 

-try h^LTUffr^Ct^T^^o tfr^LOSx- 
^C^xy^frofcJi^ CPU1 Oft HP-S 
ai*tyyal4l:7?tXT5. cco^^^'>zl1 
4t4, aT^J*^a*«MO*^y^3.*iai«S:tffl^ 



14**. /t7^7y^+tyyal5^ ^JC, 

l 6**-£<7)»fca<. d<Ox*rXyM4, 

-^y>^:>X^A V7h^i7) ££H>T 

fiai^q&ufliiafi^^x^ 1 6±ice«ati, 

r-f >^'>X^A(C e fcoT#lS^ ; 6U 1 2 

7j*ft^--v*««rr*. CPU 1 OOftJDW&^^y 
va. 1 7 14. ttST K l/XOftfc 0 KiKfi7 K I/X^f 
fflLT#«<0**E1(rr*. ^STKUXfcL SlRtf 
A7?7y^*tyyal4, 1 5 £7 27-feX"r-5&# 
Kffl^StU A7 1 l±R^^'J12t«fflSn5o 

cpuiomf:7i7fl«&, s-f, iSffi*^ 
^*»&tttt. -eoz Kt/XMIT Kuxtc^^n 

T^l^t7yal4^IS$n§o 

n. 1 5a*W3ESft, :©A7977^tyyaWt 
yS'a SX^ffi^Lfc*^*::, 1 2 (C*fUTTi7 

7?tXSn*3S«, *HJSS«lt-*5 0iTtt. ^-^C&L 

»ltt7 1 4tt*<0*#£f4<J;g/jNS^ 
Ay?7y^*tyyal5J:0»l"C*0, S 
Sl^t7'>a 1 4©rtStt/bJ75/^tyy 

nit ^ u ^ e» 7 1 7 f s tifca^o* t y 

5/a.7-f ;P48fP(cache fill operation) £1^**4. CP 
U^6*ty>jl 7^0#£&^{4#ftL&^£^5 
ifc, +t7yal 7 0ft«tt*t7yal 4, 

^Oity-fe^y hTft^^t) Ltl^^iO 2 -y > 

3.14, 15(0iffiHjl&S o 

[0 0 1 1] CPU 1 0rtV\'X 1 9SIi;Tn7^7y 
7 P *t7yal 5C7^tXt, yXfA/tXl ICS 
t57?tXOt»WCPU;U2 o*^n»i*nt 

ya3>hD-7ttCPUf7^l:§itl5, CPU 
AX 2 0itfyXfA/U 1 1 »4 6 4 If <y NOffiyjfS]^ 
l7Fl/X/f-^A # Xt6 0, U^xxh, h 
(grant) , 3T> K 9<>«ft$ttlW»AX3&«ttl* 5<l 
T^S. L*>l,&a*e>, AX19B64i;7hT-*A 
X£, giJiSOZ KI/XAXtStt ->XfA/Ul 
1*4, -f >^7x-Xa- 7 b 2 UZcfcoT, CPUA 
7 2 0l:ffiS8ttSn-5. -f >^7x-Xa- 7 h 2 1 



(6) 
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tt, CPU 1 0, RtfC PUAX2 OiOffiOSR^tZck 
h7£r-feXKtME-r<5. 
[0 0 12] CPU10tt«^a-y h2 2 

(operand specifiers) S:##r (parse) L, -5- 

R^ALUtfA^Jra-yh, BP "6, E-#^X 
2 3«lJ;oTa:Sri5. C P Utt^-f 2? np- Kfclcfco 

S. ^^Uflgi, IP?M-^7^7X2 5H ffr^r 
2*5t- ?IWi«l< lit*ii*'J h t*ff a. 
TM-*7^X 2 STfTtotl. fifi7K^e»ftI7 

X2 6^LT, A7J77^t7yi 
Xh^ 9 u^t7ya3>hD-72 6ti (fiiT 

77^ (S2 U"*;W 7 4 >a l 5 fcfcrr-ST'i'-fex 

Mil, *&, /t7?77^t7->aS7i:»U 
14AX2 OS^LW^^'J 1 2 (CZ^irXSrfrfe 
?<> *>f7^IMl*!tA^nt7D' (F-aKy^Xt 

-r. 

[0 0 13] #»?80*^^^3.MW4*tttt, «*&si 

SLfcCPUO-«ttVAXW7-*f?ftT*t), 
Ctlte, Levyi:Eckhouset*cJ: -5 ("Computer Programming 

and Architecture: The VAXj , S2E Digital Pres 
s . 1989K:fEi££tl, *WfflW\Z&^£LT&frXtL*> 
ntt^o C PU 1 OttLevy^fCJ^T^X hT, 
<tt, Sander, Uhler&tfBrown Kf=N*£*U *fg*EZ> 
IS2gA"C&£Digi tal Equipment Corporat iondffi&S 
tlfc^a^WFS 5,006.980^^«koTWSSnTViS<k 
VAX^<y%5^. 

[00 14] *W«»ICCiEUfcCPU<0— *«5«t4V 

AX7-tf?ffc»5# l **u::t>«fe£"r, #r 

WWt7^aW»^ttB8 0 3 8 6SKtt6 8 0 



»-eW5*3nfcC I S C^<7 p <7?n> fcfjL — ^Ttttt 
<, MIPS R 3 0 0 0^, l990*f6fl29BKaj«3 
tl, dtlt>$feDigi talEquipment Corporation tdlSSg 
Sttfc»tt*S>tfi«, S/»J7;U#^547, 630 ^ 
£n;fcefcfi;**l£:6 4 fcfy hR I SC7-^r^ff(?) 
iiftR I SC^<7 P OD>ezL-^IIfc#fflT&^o 
[0 0 15] {*JnW&CPU2 8WL ^U^n-fey-fr 
*>XfAtOyXfA/Ul 1 tlT^irXt" S££#T£ 

So ftjowacpuoft^it fti^cpuiotH 
i; atocpuf77 p io, si+t7-> 

a. 1 4, A7j777^7xa 1 5. RW>^7x 

-xa-7 N2 l t*trc£rt*iir#'C*-6. cn 
6<Dffi<7)CPU2 8t4SSc-5*j5S-C*-3TfcJ:tf^ S 

x i i izT^-trx-rSo cnec^ffioc pu2 8t4^^E 

Ui2l:7^txt^c<h^, S£oT, +r^->o. 

1 4*L<»41 SOr-^^o^^Si^Ci:^ 

C PU2 8***^611 1 2Wnt->3 >\ZW 

77^t7'>al 5) KMB#5fi£Lfc«^ 

Ttt&n. mz. cpu 1 ownov-x (wcpu 

2 8) ^b^^'Jl 2^©»#&-M*#ffiL&»£\ * 
So SI 1 <0ta7'>a 1 4te hx;i/— J ElTi 

f^-r-s**, -ttii;: *^i>^i s»4 

FA7^J HfSTftfTr*. SSI tt7->a 1 41Z&.U 
fcn^r— *> 3 >i:WLTCPUl 0K«fc*«#i&*a*IS 

v^f/aListz ei*ffit3&#LT, Laia^^un 

>fhx;U-j TSSo CPU10W7j^77y*t7 
^3. 1 5<DUir-i/B >lC*f UT»*a**l6ff 
£\ 1 2 l3ftttS&gte&(^\ 

^X^A^teO*^ (CPU 2 8 Oct? 

(E«*«*«Stl) fc»^K:<0*, «U 1 2\Z 

[0 0 16] H2 e#HB"rntfM*^j:cfc-5lC, il^)C 

<D^P^^, phil, phi 2, phi 3 IkJS* ph 
i 4^£l, cne>^^D7^l^y>U-<^JK^40 

Vy>^^M^T10n» (1 O0MH 
z) TSSfci?), ^P7^ph i l*H-tn-€ : tl2. 5 
n g>T®)fft5o Sl*t7->al4tt, <D^is> 
^?;H*JTM-*y?X2 5tC^UT^tii^-^^M 
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&Ktt, 5*-*7^*xtt5E7a*i»*. WUi 9 

G>ft«AX1M 2 (I fcSSftTO^ J: 5 13^** 

T3 0n#T*5o /UD--f ^;Uf4. AX-tM^;Utf>4 

Dtti£tltz4-3<Dmrjit)&Oi7Uyi7* Phil, Ph 
i 2. Phi 3$Llf. Ph i 4 K«fcoTra«l;:3£«Sft 
£. L**L&a*S. yXfA/U 1 1 H AX 2 0 OA 
X1f< 2ft(OfiS SrWTS«k OfiCriAXIt-f ^7 

ac pu i orcxax 2 o tmmmT$>z>o >-X^A 

/Ul 1 CD^-f ^ >£flM ZJMt-t >^^x — XrL— y 
H2 l©?Py?*4Sl:ctoTIW»3tl5, 
[0 0 17] C PU^7^1 0<7>rtffl5fl|J5fctt, HlK-t 

(dedicated instruct ion-st ream-only cache) Tr$> t) , 
ifittffl*nfc*^XhU-A<7)yny^Sr|E1tU, 

2) (cT^-fex-rsfci&Kffl^ens. ap-s, fis*^- 

^-fr^^l 7 C7*t7nfcft07 H l/^tt^t'J 
^gZL--/ h 2 5 (C*5^Tft6^^ : E , J#SafCl8LT^$ 
ns«t3fw, TLB 3 1T?7 KUXStftSfrft-piKfitt 

^—(prefetch queue) fen — K (load) £n& 0 
[0 0 18] ^7U^mmoL--j h 2 4ttffl»K« 

^n->— Jr>1f€:$tr. »J»CtS£«ttROMT* 

>h'J*Oh7 KUXSSWBtO, 

*^((»i-yh2 40ftl»Ti:ft4) ^fr^--^N2 

7h2 3«C$*n^U^X^7r<;U»4ffLfflaW<0U'v 
X*, yny7A*')>?, ^^U^-^Ui^X^, — 
^(temporary) SKIiMUyX^, RtftttiU'^X 

(shi f ter) 2 u is— *r >1f ^ SSttlfcofc 

[0 0 19] H2 5tt*^a-7 h2 



W5- 2 2 5 0 5 3 

OL-^h2 3^6 (5 s — 9WLtl<D&) i££tJ»J^xxh£: 
Stt, ^t'Jffiazy h 2 514*^7 h2 2§L 
<\tMnzL—y K2 3^TO#fc* ; E'J«Eai7*--*£a£* 
"T*. ^UffU-^y h 2 5ttSfc«*&*/IEttU 
h2 3^6SH W«t*eai: 

-7i- y h 2 6^£>CD7 r -^£iI-fo ^^'JfSaz 
7h2 5fi^nbWU^XX^S5gl, SffifflST* 
^xx hS^frWKAft*. — M. U^xxh 
ft* <h, ^^'JfIar 7 h2 5ttfiA77 
7fl<fi7Fl/X^fr>o.3 l£JB^T7KUX£ 
»*fT^, fig7 KUXSrttSZ H UXK^y e>^"T 
■So T Kl/X + t 3 1 fZ*5W--5COtt5R{Ctt, 

(t)L/t7 hrt*S6E"r 1 t?)V*>& 

x> HJa*tt2HH£ft, ^XLfcT KUX£Jf At 5fc 

f*. J^TTi£^£ck^lc, /^Uflary K2 5 
cfcoT#I^^cP-^t'>a 1 5U25i-ft7h7 
yy7f^7 f 7l' hx;H+ty>aT*0. i coy 
Py^i, 3 2;HK07-fM<X (*tyya7^f 
» Zffi?lZ>* P - * t y ->att»iA y ? 7 y t 

iXy h2 5»Ci^T*»tt6*lfc*«»l*^y 1 
4T$^5iSLfci5ft/ ; &iJ 'J ?xx Ml 
5>jLn> ho — h 2 6 (lit 6 ftTflfr^ft^o 

> hn-^zi- ^ h 2 e^S©?*— *£«tfc"r. 
[0 0 2 0] *ty>an>hP-7a-7 H2 6 ttA 
7J7y^ty>al 5tl^-t^=3> hn-7*CW 

nspcpu/\*x2 otc*f-r^>-r >^^x-xt 

^1). +ty^3>hD-72 6B|jtai l J?xxhS 
g«\ ^t'JIlary h2 5**S»*&*£fr^ ffi 

1 *t7i/a 1 4 O 7 ^ ^R^SJl ^ ^ t 'J f 10.Z 7 
h2 5tliH^>o +t7->a3>hD-7az 7 h26 
tt, ^1+^ ^/^ol 1 4^atC € fcoT/\^y^T^y^ 

ttfe^ifS. 4 1 t7Xa3>hD-72X7h26(i 
AX2 0^btt7 ->olZI fc— l/>~>— h^>lf^^3 
>S:Sfrt, M?aB:^^< NA7i7i:«toTCftl:»LT 

IP^, (hexaward) (167-H§L<H32 

A-f h) ^DyJ^/tUS, y^'J12, S : L<ti/\* 
X 1 l±£DCPU^;\'7^77^t7va 1 5<DffiJj 
^Bf#T5Ct**-C*. T^ya-fcy-S-^x^A^ft 

9tn cne^^t7 ^zl^^co i o*rtt^L<tt>c 
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Ci^Tt, CCO*-^- yy^lW^'J 1 2 

Afi#<0i&Bt;:j£ UTS*! StlfclM XR^7 ^ -trX^p 
ra^WT^o Ay?7y^*t^>al5B«Atfl2 
8K-2M/HhWXT»*. 2 8ng?(?)7^tX 
»B**t*«ftl:, CPU10l;*fLT10n#7y 

[0 0 2 1 ] B3*#flirn«M*&J:3l;:. ^-T>3 
AtOtfaWT KUXttTL B 3 1 2^?>C0W^ 

(KS7H1/X3 5*^<Z)/W/tX^>f >3 4S^tf) 
K*5HT, tfy h<3 1 : 9>£^tf2 2 ty h<7)^- 
>?7l/-A#^3 6£«fi*L, &*>—V1flh 1 NT* 

<D 1 ;*y6 4 (l-of-64)iZg»7 — f* (quadwords) £a#?t* 

t'_y_ b_<_8 _: ^3_> fe*.tt.. _3_tf_y_h_Q-«dLh .Z_E kX_ 
38, <2 : 0>te, 1 001197— H^O 1 8 /\W 

i2/Who^-yi:snt)OT*s. lK«fb<tt 
4K/t< KD«k-5«c, Ift^^— S>1MXT*i6T*c£ 

/hS&tfy htftD, ^-v^ >T7^X 3 7«-5"tlfC 

6, K3 1 : 9>lt «*Oft»l:M#yJX2 
SOTLB 3 1 £»ifiL&ffiffl7' F UXS>— 8RT*-5 
a*, C*l6<0fcTy >3 4SJK&LT 

TLB3lSE8Lfcb;yK8 : OttfcftSft, P 

§£»SMcDffSl^-t v>i 1 4C9*gJ5!cTte, 0 3 
tC^Lfccfc^tC, ^^4 0»42 0 tfy MB (IfyK3 
1 : 12» T&O, <>fy^77-f-;H i 4 1B7 
fcfvh« (tfyKl 1 : 5» -f>^-y^X 
4 1 TKl/Xit-T^;Uco^»3(zfiJfflpItg 

cnbCOt'y h^TL B 3 1 SrEilfTSfcftTfcD* tf 
yhtt»»WJC, <1 1 : 9>, d>;U<0J; 9i!tr*B* 
«8tlfiJfflpJtgTfe^fc^, 7<>3 3±<DTLB*5P 
FN3 6«)<k0ilt»t;y t*7h< 
4 : 3 ft 5 4 7 - Ki« 7 - H li , ^<>3 

n^o H4t*irtitffl*a«t5i: 1 

1 4 4 3 LtfiA>^4 3 RiC^^c2^C0 

&rt>?<D*:ft^ft\Z??m.tik4 4^b<«4 4 R& 



tf. r- *Ett4 5 L« L< B4 5 R##St5. &/\* 
>^7C1 2 8{@<£>-f >T7^X, IP^fT4 6^#SEL, 
S-T i7Xtt8ffl<©4 «7 — h*4 7 0f-^ (#A> 

i7(C4{@) 6 4t*7hgt<B8A<h^47 

^y>o.l 4K*rT S*t^>a^Xttl 2 8X8 x 
8, SP5 8K;MhOr-^ ^^*ejOAT) 

fir « >T7^X) ^n— Kttl 2 8 
10l«t5©T»5*<. Cfttt2&»T*frStt3. 

1>T. <>r^X3 1 <£>#]i8<0fc:*y h<8 : 5>tlcfc 
^Tigft^tlfc8O0 1 6 (l-of-16) 73-^4 

8fl)ty h£ffl^T 1 6ffl$>*j&>6 HH**a*3S*l<5. 
077^4 1 Oi^h'y Kll; 9>** 

^4 9(Dt7M:«tota20iWj:*ft5. jnase 
v N<4 : 3>^ffl^T^i3-^5 OOty M:«fcot 
4i^M^li»L/, Ofy^7l:»t5ft/t 
>^i:^LT4 9-N70 1^$IS?n e BEUJtZ* 
t>Ttt, a«eyK8 : 5>#ttJBStlT^*fcA. 
tM7-^08^0t y ^73-^4 8<oa^(Zj3(r> 

7£-fcX***iB<t£*l3. -f >5 f y ^X 4 6a*a*R3*l 
fci§£\ ^^IE«4 4 L^L<«4 4R*tx— ^E«4 
5L^KB4 5Ritt>«rn«rK7'^"lrXSti*. 1 
2 81^<>77i7^, fT4 6£>;&*te, §/O^C2 

4 8S^4 9*ftfflSn5. h^USfCt&S&O 
ttfco&3fc?yK 8iO^OH, Of^-KT*^ 
UlOt:7 Nfif n-^4 8(?)8^offiA 

/U3 3±TP FN 3 6^TLB3 1 ^UfflT 

Offi^] 52LSL<te52 R\Z^X2 Q\±y\**!f5 

[0 0 2 2] ms\Z. 0 4 *Rtfx-:?fEt6£« 

4 8, 4 9&tf5 Ocoa&OSiS-rJii&HT^StlT 
Hamid Partovi RtfMichel Case tCcfcoT1990^ 
48 \\B\Z&m£tl. *^^^^§A-Cfe^>Digital Eq 
uipment Corporation izMI&i* ft fz%&1(?itp<Dttim* 
8,082 mzm7r;£ftT^Z><kv\Z, ffi^Jgl/SteX-/^- 
t>7<> (super bit I ines) fifflOiSSS: 
H5*^W*»<c«t3«C 1 t7l 6irU^^4 8W§^ 
tt-fe^E5>J« l 6fScoy^EU-tr;i/5 3 fcfttt*nT*5 
0, 1 ^r^4±\y^^ 5 0<D 1 Ot4cne>0 1 *7 1 6 
irU^^4 80^cD4<@(CS:^o 1 ^y8-tiU^^4 9 
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\Z. /^JT-f,t»e7h*) IC*fUT«, £&CfcfrA 
>^45 LSI/4 5 R^S^CCtlb^ 1 :t78-tr l/v' 
^ 4 9 rt* 6 4 <B??2E-f 3* 1 ^y8irU^^4 9 
SttlfyKl l : 9 E^J7^irX 
til *y 1 6&tfl *74tL/^^4 8, 5 0*Ii;T 
aWHty h*ffl^T«J*$tli. *^IE«4 4LS:tf4 

U<tt2 0<BO 1 ^-y8t!/^^4 9©ty 

fr* n>t?\z 1 OtC*f-T^ 1 002 0 t*y bfiftfiWtE 

[0 0 2 3] ie^itnra^ft^^c, ^^Ett 

» t^-^Ellttt, 6 2 7 try hfltS 4-ca 

0, £fttf:frA>47 ie-yK^)^WJf>f 
5 5 2 0h*7h^y51i, &A< HC 1 t3<0 

/VJf-< tf*y b£ffi;t£4^ i/af- <0 4 <B P3 *7 
-K72 <4X (64 + 8) ) <k, HtC, 4O0#3Stf 
7h5 6 (t^-^4 7<Ofi-B37— KtCWLTlt?) 
tfo E«dW >*fc?y h 5 7ttS-f >5^^Xt;:*fLT 
^£n** 9#nV7-<< \Lv b 5 5tt^4/5 1 

&t^. h 5 6»i, ^-^T^irXHIIlL 

TH^SnfciFLffl»l84:WI— <DB»JcJ:oT, 7 z —&7 

-C&t^ (not-last-used)«|ft7;Uzf UXASSgfff -5& 

issa^ssn, «:^>f 7^x4 6^*tts2o 

<0RlSe&4O(0Eg | 7— K4 7©ty hOt^l^+t 

^ 5/jL{cfita»€rsnsT»^5. 7;^'JXah£s 

fillip 2^C0/\*>^(C3^T^b^y h 5 7 £>[*3^£:/f3 
a'J7>fji. (refill) fbf£<7)fffllC^£T£fc<0-e&9, 

[0 0 2 4] B4fc*St>T\ ^yfE1t4 4L&tf4 4R 
*^<05>f >5 2LR«5 2 R±©^j/U*»4«E^ (Jt 
<R) 0SS5 8 L&tf5 8 Rl:W4Stl, Ctl60 
(USSfiT L B 3 1**5503 3£iIt;T^y4 0 

CtT'bCOInlg&S 8 L&tfS 8 Rtt, NORiI§ 
8S5 9 L^L<t45 9 R fZ*rt £ £ LT 2 OilcDg 
&fcf? KD-fc* KfcffsOtHU -tftttSfc, 
HlgS6 1 lr*f-r^A^J(i:LT5'f >6 0L^6 0 R± 

I ±fc£A * 5<>6 2R±tZ 



L<t46 4 RStpC^EU^Szl- y h 2 5 II P^?^-^ 
AX 6 5 \Z^T^tz^>\Ztf- b 6 3LStf6 3 Rflcfc 

[0 0 2 5] IZt'EW'f {7)MD*<{ 5>^*^$ 

i, ph i 2M, ph i 3<o— sRs^-rsia* mm 

6 6 aK33HT5<>3 3±-emm*!1fitj:*{f&mi'*T 
TLB3 1«)«jR*«ttS. C«)«HBmHI6 6 0»« 
gp#6 6b£>fffl, •fcU^^4 8fc*5lriT«Jfl8lfy h< 
8 : 5>*ffl^T?=i-K»f^*«»*L, ffl 1 OU-f ^ 
;K0ph i IRtf ph i 2££Wf£o B#ffi6 6 afc*5 

^t, >3 3-e»*ify naix^^sfijffl-rsjii 

3&«W*B<k/j:?), WHHIBHB6 7<omicEW^ r 7-K9-f > 
**ttft<**l*. C(D^6 7<8 + <0fWH6 7 a 
ph i 4T) CiJO^T, 1 -ft 8-fe^ \,*? 5 0 Ki50>T 
fn-^7L, EDS&5 8 8 R, 59LW 

5 9 R&tf 6 1 K;fcl^TA>^a&ft#a*3£7T5. * 

£\ MH6 7 a©Jt«ftft2<0«»l::, 7<>64LgL 
<tt6 4R»rJty-h6 3L«L<H6 3R^LT* 
t7*>a ir — ^ IS tic 4 5 L, ^L<\$4 5 ROf^ 
«L<»4*A>^OUJ**ffltriT. /U6 5*Bi 

3&«&StiSi, 7- H50#K»£ftSIBIH6 7 0* 
<D^2co-y--r^;uop h i ioWB6 80ffli:, fiifS<£> 

fe«L<»4*A>^ts#rs»*a**a*sn«. ff 

ttt7^-b"^1f>f ^;W*te©TLB*5RmiB6 9 0IHK 
HHSfiTSCli^Tf^So Cl^)7i7-feXiC*fr^WfSi6 9 

T^"tXtf>f ^;U^fBH6 6&Z^6 6 bCMt^. 
[0 0 2 6] S8tZ, *J6«KJ:a*SB5 
8L, 58R, NORlHlgS59L, 59R, S^/\*>^ 

tt2 OiO^ytf^ hit^[HgS7 
tl, *A>^K»LT»42 OBO^ytTy HJ«ftEB7 
10tyh*B8i:ffi^5ft5. 7<>3 3^gfiLT 
TLB3 1*^S»»6tlfc*y40H 7-f>33 0 
-3 3 19 ±^cne>cOit»{lIgS7 O&tf 7 l(D±T^*f 
1"^ 1 OCOA^T^^o £Jt<R[H]S&7 0t45<> 5 2 L 
CO 2 0i«)t7 hCO^co 1 "^^SaET^>£/\'>^ ^ 
— ^fatSE^iX^-f X (lef t bank tag data store arra 
y slices) CQlt^b, ^jlT;UK;HH*<7) 1 -^SrS 
W-ffi*. H«l3«-lt«lHltt7 1 tt, 5O52RC020 

?»iX5<xo i o^e^rL7;i/U<;i/tB^jco l o^gtt 

Pft>^h7>vX^ 7 2, 7 3^Nft>*^ 
h7>y*X^ 7 4, 7 5^ 1 -D<D#)\,— 7lZ* SC, 
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^Jgg^nfc Pf t h 7 >yX^ 7 6 , 7 7&Zt 

Nft>^b7>vX^ 7 8, 7 9 ^^2CD^;U-y 
(3#-rs«fc53a:CMOS»ffiORigK7?«S, M^SSS 
70, 7 l*5(OtHAttNORy-h5 9LStf5 9R 
l:W^7>f>8 0±t:fiFfiEno 7^f>52L 0 ^ 
ft. 7<>5 2L tt A f -^l, Rtf7^f> 3 3 0 ^J[a) 
t§^, h7>yX^7 4M'7 5«t>ttiTS0, h 

«C 7^f>52L 0 **fi, 7<>5 2L o m Rtf 
5<>3 3 B ««ftO*ft, h7>*>'^^ 7 8&tf7 9 »i 

T^W^f >8 0 feSfcfctt»Kl?ie«Fi*S*u 
S«3R-*-*. *S<0 2^^RllB7illi** (7<>52L 0 
5<>5 2L 0 A-m igKtt, 7<>52 
L 0 tf*W. 9<>5 2L 0 A-jWK) W^TCCO^ 
>8 0llh7>yX^7 6, 7 7, §l<{ih7>y 
X^*f7 2, 7 3£ffiDTigt^fC3l^t£-£tt, CCD 
.jLtDZ-y. Ki:»LTMM«St*.._7jL>.5..2.L.ft. 
^5 2LA- 5 2RRtf5 2RAH4^Tph i 2 0 
ffltCVd d l:^Uft-y (precharge) £tt, ph i 3 
TK»Stt*a*. 7<>8 0tt4tphi2OWl:^7 
> H (C*t U TtP£) y U X 5 1 * — (pred i scharge) $ 
ft, ph i 4Tlfl^nSo 7^f>52L, 5 2LA- 
^T^VddCyUft-y^ntl/^S^ ^-f 
>8 0tt^tyUf^Xft-y$tiS (y5>Kl:« 

££ft&) o &if&e>, y^>i*K*rr sfittttcoe 

y Mcfcrr^-f >3 3rt*i "C*§^0^l.^f:«t) 
6f h7>yX? 7 2, 73*L<tt76. 7 7 lc«tt? 
TflfcfiL£ft*fc»-e*9, ^-f>8 OCOCKDyU^^-X 

[0 0 2 7] «7t>£K:*rr<5 2 0<@<7>^-f>8 0, IP 
5, B80»^0B5 8 Lfttf 5 8R0ltiatt, 

K#T3N?-+>*;W 5 9 L&tf 5 9 R£<jf;L 
7t 2 0iOh7>yX^8 1^L<&8 2(0 2t3<O-fey 

hT?a&*±5tty-M:»«sft5. £fts<&y-M4 
ph i 2, m?>, 7v7*-&mm<Dtn\z* stt^tcffi 

iflp h i 4T*tt!§£tt*. h7>yX?80gL<{j: 
8 1 <D&±y hOKK>ttlflA7<>6 0 LRl^6 0 

R\zmmznz>* cfte><otH7j5-f >«, p^*>*;u 

K7>yX^ 8 5 lC<t.oT. p h i 3 (OffltC V d d 13 »J 
It^'Jf t-y^tl^o h5>y7?8 1fttf8 2© 
tyhoy-7ttf««Rfflh7>^? 8 6, 8 7fC 
J;oTVs sl:S^tl^) 0 h7>y'X^8 6, 8 7 © 
y- Hi 9 < > 8 8 0> tUSK * - y* ;H» # iz i r> TB» 
£ft, p h i 4T?Ltf Ui»#ffi<fc&*. Z<Dt~/^>>7 
\ZMTZ>7-r >8 0OloSKtt2^a±^ph i 4 



OLttffittffiKSIW&Sft, (7<> 
3 3±<D^y4 0te, ^f>5 2 L±<Df2it^^5 1 i 

O£oi^i<^2o«±^ph i 4<DmizmvtmT~$> 

Z>m&. phi4<om, tti*J7-f>6 0 Lttffitt!£(3 3l 
#flF*6tl. SXtaS-T* (5>f >3 3±<D?if4 0 
te^-f>5 2R±OfH«^^5 1 £*L<&^) . ^< 
>60L^L<«60R(1 iTOh7>yX^8 1f 
L<tt8 23*«*7ttll (/\*>i7t3*fT'5 2 0{@ro^-T > 

8 0<D±T**fttt»)' T?****, Ph i 4TigWS|-C 

»^t«^r*. 5-f>6 0L«rL<»46 0RttOA 
XPft>^h7>yX^8 9 KcfcoTHttffiJZflSSf 

sfc. zn$<Dh7>i;x5>\z&^T&&m\z& 

[0 0 2 8] A*>^S«lHlS&6 1 ttH8JC^SnTlf»S 
cfcptC, 2iO< >A-^ 2ifl)N AND* 1 - h 

9 0, 9 16tOo y-h9 0tt7<>6 0L±Og(E 

(7^7=-^ yp — ( active low)) ffi^7, &#^<> 
6 0 R±C0^X (7^f^D-) 
6 2 Rit^A^g^ffi^ (T^f^D-) £f£9 
tBTo y— K9 lf4^<>6 0L±O^X (7^f^ 
n-) ttS^J, M7<>6 0R±^)gg=X (T^tV 
7d») tfj;&£gW\ 5-f >6 2 L±K&rc>^g«ai 
tf (7^r^D-) SrfeOWr, <>A-^9 2, 9 
3(4§NANDir-K9 0, 9 1 CDXfjO 1 OfC*JLT 
S5££-^*_&o 7<>6 0Lfl<^6 OR**, ?Xi 
*t<WBg^w>f*^ (-T >A-* 9 2&L<i*9 3\Z& 

nrzi&<D5"f>6 OLf L<«6 0 R±(^^X^^^--& 

0 LW6 0 R±Ofl^X7-^EC 

Ttt, X + j.— (skew) -TS) fcv — ^Xmargin)*-^ 

J:5ttx5-S:*'5C<!:*«nl«gT*S. i9(^ (a) a 
Z*H9<Z) (b) H^^nT^^J;^tC, <>A-^l:I 
S£rt*#fr&?\ 7<>6 0LW6 0R±C^Xfl^ 
3S*lTlri-5ttSi£^^T*-5, ^X«^t4, £/\'>^II 
■ t , T7^fY y^D-(c KDyytS*. 

7-f>6 0Ri:HLtttt 2 s'CKP7yLa^. y— 
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